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1. Introduction

Electrorheological fluids are colloidal suspensions of a certain type, consisting of dielectric particles dispersed in an
insulating oil. The marvelous feature of such fluids is that they can solidify into a jelly-like state almost instantaneously
when subjected to an externally applied electric field with moderate strength, with a stiffness varying proportionally to
the field strength. The liquid-solid transformation is reversible. Once the applied field is removed, the original flow state is
recovered. This phenomenon is known as the Winslow effect.

Electrorheological fluids have the quality and potential for a wide field of applications. These include for example robotics,
aircraft and aerospace applications. We refer the reader to [ 1-3] for more information.

There exist several possibilities for modeling the physics of electrorheological fluids. In [2], Rajagopal and RuizZicka have
developed a model which takes into account the complex interaction of electromagnetic fields and the moving liquid. The
constitutive equation for the motion of an electrorheological fluid is given by

%u+div$(u)+(u.V)u+Vn =f (1.1)

where u : R3*! — R3 is the velocity of the fluid at a point, V = (31, 9,, d3) is the gradient operator, 7 is the pressure, f
represents external forces and the stress tensor S is of the form

SX) = n(X)(1 + [Du@) 7 Du)
where p = p(x) and Du = %(Vu + VuT) is the symmetric part of the gradient of u. Rajagopal and RuZicka established an
existence result for problem (1.1) in variable exponent spaces.
Variable exponent Lebesgue spaces [P®) appeared for the first time in a paper of Orlicz [4] in 1931. When p(.) is finite
almost everywhere these spaces are called Orlicz-Musielak spaces [5]. If p(x) = p is constant, [P® coincides with the
classical Lebesgue space [P and the norms in the two spaces are equal.
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